A method is described for predetermining whether lysozyme-damaged enterococci grow as either the parent strain or as L-forms. Organisms treated with lysozyme grew as L-forms on media solidified with low concentrations of agar, or the damaged cells grew as streptococci on media solidified with high concentrations of gelatin. After induction, some of the L-forms reverted to the parent strain, but most did not during three routine subcultures. Continued spontaneous reversion occurred through approximately 30 subcultures after induction. However, subsequent progeny did not revert, even when subjected to conditions such as the gelatin medium which strongly favors growth in the streptococcal phase.
A method is described for predetermining whether lysozyme-damaged enterococci grow as either the parent strain or as L-forms. Organisms treated with lysozyme grew as L-forms on media solidified with low concentrations of agar, or the damaged cells grew as streptococci on media solidified with high concentrations of gelatin. After induction, some of the L-forms reverted to the parent strain, but most did not during three routine subcultures. Continued spontaneous reversion occurred through approximately 30 subcultures after induction. However, subsequent progeny did not revert, even when subjected to conditions such as the gelatin medium which strongly favors growth in the streptococcal phase.
Landman and Halle (9) reported the quantitative mass reversion of Bacillus subtilis protoplasts and L-forms to the bacillary state. In the B. subtilis system, reversion occurred when hard agar (2.0 to 2.5% agar) or gelatin (15 to 35%) was used as the solidifying agent in the medium. Previous reports of L-form reversion were concerned with spontaneous sporadic reversion, not under quantitative control exerted by the investigator. In other systems where the L-forms were induced by antibiotics, reversion occurred upon the removal of the inducing agent, e.g., when transferred in the absence of penicillin, B-type L-forms of Proteus quantitatively reverted in the laboratories of Dienes and Weinberger (3) and Altenbern (1) . More specifically, the reversion of an occasional sporadic colony of group A streptococcal L-forms was reported by Crawford, Frank, and Sullivan (2) and Freimer, Krause, and McCarty (4), but mass reversion of all L-form strains was not found. Although the molecular events in re-formation of wall probably differ in protoplast systems compared to systems where an inhibitor of wall formation is removed from an unstable L-form culture, the term reversion has been applied to all systems. It is used here without any connotation as to the mechanism involved in re-formation of cell wall.
We have developed a system for conversion of enterococci to L-forms by the action of lysozyme (7) . Such L-forms could be easily subcultured, and their progeny would continue to grow as L- Viable counts of lysozyme-damaged streptococci. Samples (0.5 ml) were removed from the lysozymedamaged cell suspensions and were diluted in PEG. After 10-fold serial dilution, 0.05-ml samples of appropriate dilutions were spread onto the surface of LGM or RGM. Plates of medium solidified with agar (LGM) or gelatin (RGM) were incubated inside plastic bags at 37 or 25 C, respectively.
RESULTS
Reversion of lysozyme-damaged enterococci. Our initial attempts at reversion of S. faecium F24 protoplasts were made with LGM containing hard agar (2.0 to 2.5%). The hard agar technique of Landman and Halle (9) was tested, but the number of revertants from such a suspension was low. On this medium, visual differentiation of L-forms and young streptococcal colonies was virtually impossible. Landman and Halle also used medium with high gelatin concentrations to obtain mass reversion. Strain F24 protoplasts were plated onto RGM containing various concentrations of gelatin (Difco), added in increments of 2% in the range 15 to 25%, as a solidifying agent. The results of a typical experiment are shown in Fig. 1 . No L-forms of normal morphology developed on the gelatin medium. No increase in streptococcal colony count was seen at 15 and 17% gelatin, but the colony count rose between 19 and 23 % to a plateau at 23 %. The maximum recovery of streptococci in the experiment illustrated was 2.8 x 108 CFU/ml on 23% gelatin (Difco), the threshold gelatin concentration. When samples from the same protoplast suspension were plated on LGM, 9.1 X 108 L-form CFU/ml were found. Thus, in this series of experiments, approximately 30% of the protoplasts tested were recovered as Lforms on LGM and 10% were recovered as streptococci on RGM. The results of a similar experiment with strain El lysozyme-damaged cells (spheroplasts) are shown in Fig. 2 A similar series of experiments was performed using gelatin obtained from Eastman Kodak.
A suspension of strain F24 protoplasts was plated onto RGM containing various concentrations of Eastman Kodak gelatin. The results from such an experiment are shown in Fig. 3 . The highest recovery of revertants was at 35 % gelatin (Eastman Kodak), the highest concentration tested. The same type of experiment was performed with strain El (Fig. 4) . In each case, approximately 10% of the streptococcal CFU was recovered after lysozyme treatment by plating on RGM. In some experiments, concentrations of gelatin above 35% were used, but such media were very difficult to handle in the molten state because of their viscosity. Furthermore, the inoculum could not be spread evenly over the surface of these gelatin plates. In the results shown (Fig. 4) , colony counts of plates containing 40% gelatin were obtained, but the value is questionable. Since the maximal recovery of revertants could be obtained with gelatin (Difco) at much lower gelatin concentrations, 25% gelatin (Difco) was used in further studies requiring RGM.
Other series of experiments were performed at the 25 % Difco gelatin concentration, to assess the recovery as streptococci on RGM as compared to the number of L-forms on LGM from the same protoplast suspension. In a series of seven similar experiments in which 2 X 109 CFU of strain F24 were converted to protoplasts, the counts as LOG ONUMBER REVERTANT(CFU per ML) 8 (Table 1) .
Obviously many of the revertant colonies present at that time were progeny of clones which had reverted during the previous subcultures, so that the results represent the total number of revertants arising during the three subcultures. The majority of the revertants arose after the first subculture. Of 2,275 strain F24 L-forms tested, only 89 revertants were found. This is in sharp contrast to the 185 revertants from 1,001 strain El L-forms tested. DISCUSSION A system was developed for growing lysozymedamaged group D streptococci as either L-forms or as streptococcal colonies. A similar system was described previously by Landman and his co-workers (9-11) for B. subtilis protoplasts, but there are some differences. In the B. subtilis system, quantitative (100%) recovery of protoplasts as bacillary colonies was found when either (9) (10) (11) ). It appears that in both the B. subtilis and streptococcal systems firmness of the gelatin medium is the important determining factor in reversion. We found routinely that 0.1 % of the streptococci treated with lysozyme remained as streptococci and escaped any demonstrable damage, being still able to grow as streptococci at low concentrations of gelatin ( Fig. 1-4) . Thus it was necessary to dilute the treated suspensions (approximately 108 to 109 CFU streptococci) 10 ,000,000-fold or greater, to insure that the majority of the suspensions contained no streptococci.
There was no major difference in the yield of revertants from either of the strains tested. This phenomenon was surprising, since strain El lysozyme-damaged cells retained a large quantity of cell wall rhamnose typical of spheroplasts, whereas strain F24 cells were plated out as protoplasts (7) . The chemical data may be only a coincidental observation, but it may suggest 695 VOL. 103, 1970 on November 1, 2017 by guest http://jb.asm.org/ Downloaded from that the presence of attached fragments of cell wall offers no advantage to a damaged cell as to whether it will ultimately revert to a viable coccus. Such fragments could materially affect the rate at which reversion occurs. The common feature of the B. subtilis and the enterococcal systems is that lysozyme-damaged cells can be selectively grown on solid medium as either L-forms on plates with low concentrations of agar or as bacterial colonies on medium solidified with appropriate concentrations of gelatin.
In contrast to the B. subtilis system, the continued growth of streptococcal protoplasts as L-forms does not require a reversion inhibitor such as D-methionine to be added to the medium. The reversion of freshly induced L-forms during a course of routine subculture under apparently nonselective conditions was therefore of interest. Our results suggest that the majority of enterococcal L-forms induced by the action of lysozyme do not revert immediately. The strain differences are shown in Table 1 . With both strains, 80% or more of the L-forms induced from a suspension of enterococci remained as L-forms for at least three subcultures. Any hypothesis to explain the initial stability of the enterococcal L-forms must also account for sporadic reversion beyond three subcultures. Strain differences are apparent in this aspect of reversion. Only an occasional sporadic revertant was found in a long history of routine subculture of strain F24 L-forms, and no revertants were found beyond approximately 30 subcultures. Reversion was so frequent in strain El L-form subcultures that a pure cell line of L-forms could not be established. Neither S. zymogenes 30 L-forms derived and maintained in another laboratory nor our adapted strain of F24 L-forms reverted under the optimum conditions found effective for reversion of a suspension of lysozyme-damaged enterococci.
Landman (8) has invoked the idea of commitment, the event whereby the ability of a cell with damaged wall to regrow on normal media as a bacterial form is lost. In B. subtilis, commitment occurs as the last trace of wall is removed by lysozyme. The enterococcal and group A streptococcal systems (5) may be similar to the B. subtilis system in this respect, but differ in that, once the cell is committed and grown as an L-form, it appears to be much more difficult to reverse the process and return to the coccal state.
Continuous subculture and transfer to broth of the now stable L-form probably selected out variants better adapted to growt-h under these conditions. Such selected variants may well differ genetically from the original parent strain. One such selected variant was studied by Hoyer and King (6) , who suggested that there is a 4 to 6%y deletion of the genome when the L-form is compared to the parent S. faecium F24. It is not known which specific cell functions have been impaired as a result of this deletion.
